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ABSTRACT

Anew approach osthevarifikadmof the timing
constraints m farge digital systmw has beers dwefoped. The
algorithm is computadonally very -]dent and also provides
the early and continuous feedbackabouttherimingaspectsof
synchronoussequentialctrcuitsas theyaredesigned.Italso
allowsforthedesignm be convenientlyverified in SS@OSW

permitting the verificactostof designs which would aherwise be
too largIsto do on exisung computer sysrema A ZYSCMSU-
this aigorithm has been impkmmtad, and has bem used ~‘
verify the timing constrain on the design of the 6-1 Mark IfA

Procesmr, which cmdsts of 10,000 ECL chlp& and is

comparable in performancetotheCray-1 CPU.

INTRODUCTION

The SCALD Timing Verifier takes in the design of a
synchronous sequential system given in the SCALD hardware
description lattgu~ and analyzes the circuit, searching f=
timing errors SCALD (Structttrai Computer Aidad Lo@c

Design) is a compkte WD system that inputs a gvaphics-bd.
hierarchical description of a dasigm and gen~ a complete
set of low level documentation and magnetic tapes to tmpknsent
the design m%~l The Timing Verifier does a complete dmlng
verification based on the minimum and maximum props@M
delays of the circuit cosnponen~ their set-up and hold times,
minimum pulse width cmstraints and wiredelaya

One of the main features of the SCALD Timing Veriftar
is the ability to v- designs by moduka This not ossty
permits the use of cumputers with limited snmory size but also
allows timing constraints to be checked as ● design p~
on a day-by+iay basis. This is particularly bnportant in that It
allows timing errors to be corrected before theyhavea charm
topropagatethetr effects throughout the desigm or to itsdu=
major design charsgm late in the daign. k ako SUppORS an

accurate estimatmn of the cycle time of a machine before the
design is CM’lpktl!d.

PREVIOUS APPROACH~

There have been a number of previous approaches to the
verification of timtstg constraints in digital systensx these can be
grouped into two matn categories togic simulation [1.51 and
WOrSt-CZSGpath ZtSafydS [61

The kgiC dIIWJhtiO$t approach PO.W?SSGVGS”d PrObkSlli k

requires either a compkte design including any microcode and

diagnosti~ or some way of generatingpattarns to drive the
undefined signals. Waidng until the design is compled ~
start sbnulatson presents the problem that bugsarena found
until fate bt the design cycle. Generating patterns ~ drive
undefined Zignafs Is very tilne—consuming and diffiik
XIy whm the patterns need to go through the %orst-ca#
sat of states. Simulation is also a very ineffidestt way of finding
timing armrs becattse of the need to mn through a targe
number ofstatas inodertotestafl of thelvorst-case” timing

path% In f- for most large d@al system&it is imposdbk m
have a high degree of amfidence that the worst-case states
have ail been tested, and both the human and computational
efforts required COdo simulation is orders of magnitude greater
than that required by the Timmg VarifMr

The worst-case path anafysia approach examines all
paths through the combinational fogic between @stars or
fatch~ searching for the longest and shortest path This
approach only works on fairly simple combinational kgt~ and
tends co fall down on compkx synchronous sequential drcuitx
It is also computatiomallyexpensive but does provi& feedback
to the designer early during the dedgn cyc~ without the need
to generate detaikd testpatmrna

In cmm~ the SCALD Timing Verifier ●laminates most
of the problems assodated with these approache& aflowing the
design to be verified as it p?003d& without the need m
generate compkx compkx test partern~ Italso usesa
computationally efficient algmrithm m cover all of the states
needed to identifyand quantitate afl timing errors. Handling
drcuits where logic simulatim of parts of the circuit is needed
to underztarsdthed-fed timing is another of ils cqsabilkks

A NEW APPROACH

A new approach to verifytng satisfaction of timing
constraints m large digital systems will be described here This
system operates m synchronous sequentIal systarM and checks
all of the fogic level timing errors which occur wtthin thoea
system. These include the non-satisfactim of the set-up, how
or minimum pulse width timerequirements for register$ latches,
and other complex fhncriom Its addition m these error%it
checks the timing m control signals which are ANDed with
cfock signals to verify that they are stabk whik the cfock is
asserted, in order to avotd any possible bogus specification of
cantrokonditioned clock hnes. The Timing Verifier taka into
account both the minimum and maximum propagation delay of



all of the system’s mmponents and of the intercorm&Uosts
between them.

Thessrv of the Timine v-

within s@smous Sequendal CirKuia moat signals can
mlybecbenging during pafticularparu of thedockpa?iod.
For exampk it may be poasibk for a pardcular signal ns b
changing only during the -d half of the clack eye@ given
thatatlo fthecompanent smakhtgupdte systamafewidtbt
their dnsing spedfkaUosm

Consider areghte rthatcanbeclociwd Ossly ata
Pattiaslar timawithhs thedockperiod. l%e output oftha

/ re@ercan changeoniyduringashortdsneafteritiaclncke4
Soitisguaranteedtobestabiefortheerttireclockperiodexcapt
around the point at which it is docked. The OUQIU of a gam

driven fran this re@ster an then be chqiq Otliyduring ●

!reriod of time determined tsy its propa@tion delay aod WhM

the OUQUt of the ragiatw is charsglrsg.

-inissg when a g’ivm s@d StSaybe Cftx d

whenitis stabtewithin thechxkpesiod isthekeystep for the
Timing Verifier. Once this has been done it is dlthl~ easy

to check all of thetiming consuaitsts placed as the &ask For
inst~in ordeftochack the sat-up andholdtimes ata
rZ,AltieT~VMer he.stodo istosee If Uatnput
Couldbechanging atatime tbatltsnight becksdd

If the timing of the circuit never depmdad ost the vahsa
of signals, but mereIyon when they Were chsqing or stab~ the
Ttming Verifierm“ki be very slmpkz Clock signalshave a
value which is periodiG and have the same value every cyck =
they am easy to handle. The signals which are diffimlt to treat
are those whose values effect thecircuittimtn&and whichhave
differentvaJuee during differmt cycke of the ciscu& For
WGlmpka COSStisignal which det~ whetheraqlsteris
clocked duringa givm qck affects whether the output of the
~~ht~=geti=~ Iftbedsusitawmuati
registm not changing every cyck, then the Tistdttg Verttk
must do ruse endyrf! to kaep from gmeraUng false aiwr
messages. ThIS requires the Timing Verifier to check the type
ofcyckwhm thecontroi sig?salist?tse,~ rocheckthe~~
cyck whm itisf- This is ptX’entidty1 very ~
process, but it has turned out not to be. This is because sstcet
s~als have a %orst-case” state For uampk the WOSXS-

formost re@ters istoa$sumethZ they areclocke devarycyclc
Only in those situations where both the clotkd and uncbcked
cases need to be checked separately does the TimingVerifier
have to compute both d them. In those - the Timing
Verifier remmhws the values of all the signals which are na
affected by the signs! which is having case analysis done aI &
and thus has to rewsnpute only the signals which change with
the signal being analysed.

For a given arcu~ the Ttming Vertfkr has some number
of cases to analyze Which signals require case analysis and
what cases need to be evrduatedare spdfied by the designer. it
has been found that most circuits have a fairly small number of
these cases which need to be analyzed.

The basic procedure for the Timing Verifier is thm m
take the ftrst q and to calculate for each signal in the syatam
whm itcoutd be changing during the clak cycle. Once it has
done thi& it checks for possibkviolationoftimingconstraints

for that case Itthen~on tothenaxtcase tobe ~
OSSlyrecomputing those signals which are dtfferent ftom the
first ~andcbecking fmanyposaibk tinsing ernsrsrntisat
caee Contimsirsgthis~itcheckaaN of thease&thereby
perforsning aaxnpktechack of theckcuitfor timing cmstnint
Viohtiona.

it Peri@

Tlsedrtssit beissgverlfied mustcontsin one basic~
whose period is spedfiad to the Timing Verifier. If dtfferent
patts of the drcuit being verified run at diffetmt && ~
thenthe period spedfkd tothe Ttmitsg Verifier isthekast
assrsmm multipk of the different clack periock For examphs
pmceasm might have an instruction unitthat has a parbd d
Wnxmdma~mitthah~a~&15~ In
thisXthe@od spadfkdtotheTimitsgV~waIldbe
30nsec Clock signakwhich oauzwithin thecitcuitmayoaur
at any phase with the baatc ckck period.

Cirasits aswdexribad tothe Tinsitsg V* ttstums~
g=%m~h~~+p~w constmin~and
minimum pubs width consuam“ta Morecompkx fus@.&sssare
then defind its terms of thue p~Ve4& dmough the asa #
graphtc-based ~ using the SCALD Hardware DesutptiswI
Lqgtsege [2S1

The folkswing sactkau deftnethevalua thatareusedm
represent the behavior of aignx and the definitions of the
primitive components for these pcuaibk vahsa

VaJue Svstem Usrd To R-t _ AtanlinstanLeach
andevery aignaIiss thecircult has Oneofsevmv-

o
1
S ~ STABIJ?
C m CHANGE
Ror RISE

For FALL
U or UNKNOWN

fa@oraero
~orosse
signatisstabtq 4ssachangbsg
signal may be changing
signal isgoingfkosn azemtoame
aigssalis@ngfiwnaonatoaaem
intttal value used for all signals

signetvahs6

Thevahse ofasigrsal thecbck period isrepresmteui bya
Unked ~ each node of which specifia a value and rise
duration of that value. The sum of thedurations of alt the
nodes inthells trnustqua lthepertod of thecircssit being
enalyaad.

Whmasignal propagates thfougha gateor wire where
it is delayal by a variabk amount of ~ thm skew is added
to the signx representing the unmrtainity tn when the signal
will subsequmtiy changa This skew is maintained separately
in the representation of the signal tn preserve infswmarim
about the width of pulses tn the signs in order to avoid bogus
timing errors asmrting that minimum pulse width requiranmts
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havenotbaers - Iftwoor tnorecharsging signalsam
amlum Ullu ytietim~ be simply repmsad

kopramd itsto the signal
represen= b~ sssutg the CHANG~ RISE, and FALL
Valua

~Th~~da*
basin combinattmal ihnctiotss sssed by the Timing Verifkr. All
other aenbumtional flsnctiotss are thas ddlned in terms & a
msnbirsatim of thaw defin~

The following tabk define the INCLUSIVE-OR (ORA
EXCLUSIVE-R (XOR~ AND, CHANGE (CHGk and
NOT functions for the seven value logic sysmrn used in ttn
Tirmng Verifier.
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Defiiiuasr of not funuim

The output oftheCHANCE Ihnuton has the vabse
CHANGE if any ofM bSpSStS are chan~ otherwise it has

the value STABLE. It is a useflsl fisncrim in maieiing
complex combinathmsal IogiG where the actual iluscth being
performed isrsotimportant tothev~ ~
(%rnmonexampie sareinthemodelirsg ofpariiytraesmd
add- for which the Timing Verifier ares only when the
outputs of these circuits are changing, not for their actual value

@ftniUon of Reeistersand Lam~ The Timing Verifkr has
two models for registe~ which are shown in Figure 6. The
first register model just has %2LOCK” and ~ATA” in-
and can only change its output m the rising+dge of &s
*LOCK” input. The output of the register will be set to the
Y3+ANGE” state between the time determined by the minimum
and maximum delays of the regtster followlrsg the rising+dge
of %LOCK”> Unless the ~ATA” input is a true or fak
during the rising-edge of the 12LOCK” inpuk theoutput will

be sat to the %TABLE” vaiue for the rest d the qck
ahanvx it will be set to the value of the T)ATA” tnpu~ Tbe
exarnpk show a minimum delay of 1.0 nsec and a maximunt
delay of S6 nsec being Spdfid for the regismr, which ls
SS-bits wide

Thesecmd register shown in Figure6 isthesarne as the
first register, exceptthatithas asynchronous %ET” and
7tEsET” inpuu in addition to the -DATA” and %Uxxc-
inpum If either the %~ or 31 ESET” inputs are made m be
rron-sero,thentheycontroltheoperationoftheregisterandthe
settingor resettingofitsoutputafterthespedftedpropagatim
delayoftheregismr.
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Two n!gktermodelsused by Timing VerM&.
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Two ktch models used by Timing VarM&.

The Timing Verifier has two models for ~ which
are shown in Figure 7. The “OUTPUT” of the - latch
merely folkiws the T)ATA” input whm the nABLE” input
ishigh, andissmbk for the remainder of the cycle. The
second latch isthesame astheflrst except fortheadditkmd
the asynchronous %ET” and ~ESET” inpu~ which set w
CkX the latch’ when the ~ABLE” input is low, afterthe

specifiedpropagationdela~.

~son-

Jnorder to beabkto treat partially dedgnad drusi~the
Verifier needs timing assertions on unddrsed signak
Undefiied signals with no assatkm mtakento be atways
stabk m prevmt them from giving rise to numerous sp@lus
errormssages Two typesof aswnions are usad for spe@ing
cl- and one is used for defining the behavior of control and
data dgnak

There are two cmegories of clock signak pradsion and
non-precision. The only dtfferemw between precision and
non-precision clock specif~cations is the default skew ti when
none is explldtly given. Skew is generated by the variation in
the wire delay to the differant parts of a large digital system
and by the variation fn delay betwem the dtfferent buffers
used in the dock generation. In the design of a large digitsl
system, these variations can become quite large, and may’
degrade performance unacceptably. To reduce thisskew, the

shorter clock paths can have additional delay deliberately
inserted into them. Because the delays in a clock distrlbutirn
system may vary between successive implementations of ●

design, in many cases it must be adjustsd by hand, by using
SOISWVpe of adjustabk delay for each of the ciock Iinu Using
this tschniqu% the skew can be timed m below SLUSSS
designer-spedfjedamount. In order to verifythe timing in a

destgnwhjch has been so de-skewed, itisnecessarym describe

how the clocks will be adjusted in detailwithin the de$gw

specificatirm. A number of features have been provided m
makethis taskaseasy ssposdbk and wdlbedescrhed irs this
andthenextasuims.

Ifaclock signal lsadjsste dtowssnespedfwd skewothm
~assertton can beglven within the signainame dentxingthat
facL Aasertlons aragivm atthemdofdgnal namassnd are
preceded by aperiod. Theyare mnsidered partofthesigrsal
name by the nest of the SCALD systenL which thereby
guamntees that all of the aasentons for a givm ssgnal am
mndsmrst

The format for the ~sforthepracidm and
non-predsh docks atls

SIGNAL NAME .P <value spedkadon> *SW s@fkath>

and

SIGNAL NAME .C <value spdfkatbw skew spsdficaoom

wh~

<VaiueSpacificadoss> >dimerarstpl
aimsrangtw, aalue spedhdm >

m ran~ -~1~-dsnm
.ztisne> -~ d nusnbem
<skew spedflcadass> .- I( <minus skew> , +i,ss *- )
<mums skew> aawgativerealor~

An aampk clock spdfbth is

XYZ .Cti L

which saysthat thesignal goes from higtstol owattinte~and
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fmm ksw to high at time S. The time ursttain which the docks
arespecifistd arensmnall~ some fraction of thecycietinse” F5w
ertampk one eighth of the @e is the bade dock Interval uad
in the dedgn of the S-1 Mark IIA processor. spe&ying cbk
intervals as fractions of the cycle time (rather than In absolute
time units) altows the relative timing within the design to be
scakdaummatidy ifthecyck dsneis changed. Thesigsml

Xvz .C2-s$-s

iahighfmm 2mSandfkum5t06. and iskwfortherestd
theclockcycla Ifasitsgk ttmeiagiven isssteadofa range than
a Ume in-al of one clak unit is SSSSSs5sed.For UiMlpb

Xvz .C23
is equivalent to the pmviosss signal.

Thetypeaf~ applIcabk to the behx~ of
antrol and data signals spectfses whm a giverssignalis stabk
andwhen itmaybe changing. Itaguseralform ts

SIGNAL NAME S <values@fkadm*

Formmpk*n-X~*=ptiti~btik
fmm Urne4to tbne&and may bachangissgduring t!seratof

the cyck

-rhistypesr faasmion hasseveraluws. First, italbwati
designer tospacify hisassumptiuss about WtSMSi@dSaZel

valid (m not changing) as he creates them in the design
p~ and those aSSSmSptkStSS will be used by the VesMler
until the signals are generated by hardware dedgnad
subsequmtly. For signals so generated, the designam issttid
auemion is checked against the timing of the actual gmemtul
sign4andastm~UouQutd iftheassaUon *
thereby violated. In the destgt of the S-1 Mark IIA promss%
most signal names have stable awertiosssin them. This greatly
istspmves the resalability of the logk since a *S51 55- ~
explidtly includes a specifiion of when the asmdatd signal
is valid.

Putting the stabk asaemon ontnterface aignalsisthekey
totheabiiity tov~adessgn in=cdon~ After each secdasb
verified,SCALD checksto see thatthe interfacedgnats have

the same timing assertionsIfno sectionhas asserror,assddl

of the interfacesignalshave the same amertkmonth~thm

theetstiredesigrsmust be freaoftisning~

Evahsatlon direcUves tell the Timing Vertfler how m
evaluate camsin gases. They carsalso sped~ the exact point in
actrcuit atwhich adocklaadJWs?d msosnaspcifkd-

Because the Verifier is not dcdng futl logic dmulatiswsas
a compkted design, it does not know the logic level of mat
signal% but only whether the signals are stabk or changing.
Consider the circuit shown in Figure & The ckck signal ‘(X
.P2-3 L- isbeing ANDed to the controlsignal%VRITE SW
L“ m generatea writamabk pulse forthe RAM army. If the
data is stable every cyck during the period that the RAM Is to
be wrtttess. then the most efficient way to check for timing
errors is just to analyze the case in which the stgnal WRITE
SCM L- enabks a Wrltc The ‘&H” directive shown at the end
of the clock signal says m tgnore the value of the‘WRITE

SO-S L“ dgrs~ allowing the clock signal alwa~ to propagate
through the gata Its wldttion, it says the Utrsingspedied b~
thedock aignalis mbeadpted so that Itrefers@thedstsax
which the OUQU~ rather than the tnpu~ of the gate changes
The %H” directive also spdfies m check that the cmtml
aignaJ WRITE S0-S L- isstabk during the period that the
ckckisasserm& mensttm thatthe write will beetthersolldly
enabkd or solidly disabled,

Theraare anumberofdtffermt directivea of thegenaral
typeofthe %i?’dlmcdve For VttaWSpKthe - dkective m
the signal %K .PO-4” states that the ckck thrdng refers mthe
timeat which the output of the gate chatsgu If multipk
directivesaregivm aftera signaLsuchaa%HZ”o thenthefirat
Iatterrefer atothefin tkvelofgatwsgand thesacossdrefersm
thesecond kvelofgatmg after the directzv~ There isnolitstit
m the krsgth of ● direcdve string.

DESICN SPECIFICATION

Figure 8 shows ● circuit aampk specified in the SCALD
Hardware Description Langu~ The circutt wnaists of a
l-word by 32-bit RAM, a 32-bit register, a 2-hsput
nssdupkxer and several gatss This design daacripdossis
meted inm the msrsputervIa an interactivegmphic editor,and
forms the data base for driving the entire SCALD qstesn.

A detailed descripUon of the basic SCALD language tats
be found izst2g$,41 andwill not be repeated here Themairs
points of interest to the Timing Verifii m Figure 9 an the
~S ors s@ak evahsatism directiv~ and the spedfii
of pmsibk wire delaya. The aaserdm as the signal W DATA
-&Sl>=mpthUtih*k*tiOm~6,_
the Verifier to check the timing of this circuit without knowing
howthaaignaI isgmeramL Theauattkn osstbedocks@al
%KY2-3L” sa~that itialowbeme=n ttmas2and%assd
high for the rest of the @e. The signal “ADR~.3> [QLM.0~
statasthat the4ddress wires on the RAMcanbebetween CLO
and 6.0 naec kng. The evaluation dtrvdves %H” md =
have almacly beets &crtbuL

CHIP DEFINITIONS

For each chip used in a design, a defisdtlat of its timing
and logical pm@ls errs @St in the SCALD Hardware

~ ~P-

Achipis defined lrstertns ofasetofprindtive functions
which the Verifier understands These primitives include
AND. OR, XOR, NOT, and CHANGE gate&re@stam latcheL
msdtlpkxem a set+p and hold checker, and a ndtdsnum pulse
width checker. Two typicalchip definitions are shown in
Figures 9 and 10. Figure9 shows the definition of a 10145A, a
lS-word RAM. Figure 10 shows the definition of a 101~ a
2-input multiplexer. The 10WJA modal is a ttmtng model
only. The W CHG” and ‘4 CHG” gates are CHANGE @m&
which output the value CHANGE when any of their inputs
changq and output the value STABLE the rest of the ttme
Using CHANGE gatee has been found m be tssvahsabk in
mndeling curssplexfuncttons for which kssowkdge of the exact
togIczdopemtirn ls unnecessq The model* the 1015&as
the other hand, ts an aaurate mode~ which wsuld be used m do
full togic stmulatiors. For the 1015S, the model of its annpkte
logical operation ts necessaq to verify mnirtg mnsmima in
many drcuita
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Definitionof the IOlm a 2-inputmulti@exeTchip.
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c:e. s, s:7. s
~;;.;, ;;g.;, c:3e.e, S:4S.S

I: Ile’ F:241e, e:2e. e, n:4e.e
C:37.4
R: 11.5. 1:13.5, F: 17.8, e: 19. s
C:37.S
C:37.S

Figure 11

Output from theTintingVaifter.showing valuesof simah

SOIW, Uold ●wl Minimam Pals. Width wrorm . . . .

(eo,st.,t ,.l”, )
(00.,1,.1Vmll.)

(Oommtmtml..)

S.tu timo :r;f: WIUP7i=0. 3.5, Hold Ti.. . i.e
CK IBPIIT
DATA INPUT . ADS

(.e. e) e:e.e, n: 11.s, I: Is. s, F: 17.8, e:2].8
(.e. e) s:e.e, c:e.s, s: 11.s. C:2S. S. S:2S. S

.%tt ti90 :mrO:&t”~Tim.. 2.5,HoldTim, . 1.5
cs krr (+e.e)DATA INPUT = RAM R:e.e, I ,3.e, if:24. e, e:2e.e, it:48.e

(+e. o) ste, e, c:s.e, s:22.s, c:3e.e, S:47.S

Figtwe 12
Set-up and hold mum found by the Timing VerifIST.
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WIRE DELAY ESTIMATES AND CALCULATIONS

Before the actual wire delays & kstowsL @a Timing
Versfier usesasat ofruksto emmate th~uceptwhetw they
have been specified by the designer. After the actual muting of
thewires andthesimuiatimof thektransmiasim litn
pm h= bem completed bl theSCALDPhysical Destgn
Subsystem[%4 accuratewiredelays-areavaiiabk Theseare
then fed backintu tha Titsting Verifier, WhiChthS~~

check of thetinsing of theckign.

CIRCUIT VERIFICATIONEXAMPLK

Figures lland12show thereaulta&nmn@gtheti
shown in Figure 8 through the Timing Verifier,with ●

specifiedcyclethneforth ecircuttof50~andadefaukwire
delay of Oto2~ Figutell gives acunpkte ileUtsg~allsi
the signal&showingtheir value as a tlmctionof* ~er
the firstsignalin the lisL‘ADRc~>-. Ithas the same value

foratlof its bkandeo hasoniymavaksagtv= ItiaatabIa
atthebegissning of the~andstarm chan@sgO.5~hm
thecyck Itlsthen changing fntm O.5mects5.5~atwhkh
point itgoesstable unti1255nsec Itiathast changing flan
25.5nsec inmthecyck unUl S0.5naac XrthemPESstabkfkutt
S0.5 naec until the end of the cyck

Figure 121ists theset-upmdhoWUme~ Bacaua
of the long wire spdftad m the atgnal ‘ADR4k* [0.M.0~.
nvosetup timeerrors aregetseratad. The first error messaga
shows the address m the RAM $$s$ going atabk at time 1l.&
thesame tirneaa thewtiteenable(wm dgnal~~
SinceaRAMraquiras a*ptimeof15 xdsewisedela~
mtheaddress stgnalmustbe reducedw25nsecinorderm
eliminatetheerror.The wamnd errormessageHatedshowsthe
data being readout of the RAM@tg stabkastima47.5z
andthecksck starting to~atttme iS.OnaaG giving asly L5
nsecofset-up tirneinstead oftha requird 25-

CORRELATIONS WITHIN DIGITAL SYSTEMS

tisider constnscting an Hit shift re@er using two
-Aiftmgisterchipa Theshift ouQutofone chipmustise
cmsnected to the shift input of the other chip. If the tWtitM5m
delay from the ctock to the shift OUQUC is na greater than the

hold time m the shift input by at kast the maximum skew
possibk between thetwockxk inpur& than there iaattsning
problem The key to verifying this timing mnsmabtt is m
calculate the maximum skew between the two clock kps~
taking into account any correlatims within the cisusk

Nowconsider thecase where thereiaa largeamosnst~
skew on the time at which the clock signal will oaur, but that
ttsetwo ctockinputa arewiredtogwther withashortwire Ttse
skew that each chip seas is 1- but the maximum possible
skew beween thetwo inputs is quite smisl~ because rMthe
correlation between the two clock inpum. To analyzethis m
correctly the Verifter - to undentand the mrrehdm
betweenthe two clocks The approach that the Timing Verifkr
has takm is to make the designer eaplidtiy declare this
‘torrekh inthedesign specificatiosurelieving thesystms~
the burden of automaticaNyfinding iL Since this type *
corrdaUon tends moccurinasly afew sirnpk SCALD~
(defining items such as shift registers and msmters), it ~ ●

and burdm to have m declare whm a circuit is depending as
such a correlation m tn order work properly.

VERIFICATION OF THE S-1MARK IIA

The Thning VerifIar haabeenwadm check dldtha
timing csmstraints in the S-1 Mark IIA p~ design, The
dutgnwas checked intwoparts, tm@aUngdthe kutrsmh
andoperastd preparationtmit and the ~exatsdat

unit Each of these units mnsists of appdmamiy ~000 MSI
astd LSIECL chipa TheveMlcaUm &ase@*mstm
takasabout 15t020minutee ofexeankm dnsemdusss8@8
m$gabP=$~fi:*=lM=kI~. The Mark I
P~ s-l ptuessor which was
designed with SCALD, and is cotnparabk in performance m an
IBM S70/lSIL

Theverificatbss ofthetitning wnstmtntspraceedadtma
daily basiaduting the S-l Mark IIAdeaign~ Each day
the Timing Verifkr wasusedto find any timing errorswhich
might have bean lntrtduced into the design during that days’s
work. This procedure allowed errors m be ftnsnd and fiaal as
theywere introduced intothe dasign, before theireffats~M
Prop- q~w ~ ~ * ~ -q,
~~ ~tiUOUS feedback was found m be invaluabk in
timely compktion ofadesign witha hlghdegme~~enos
initsoperabutty mfuuspaed

CONCLUSIONS

The SCALD Timing Veriflerhaa been ●veryeffkkmt
wayofdiacovering titningerronintha designof largedigital

ayatetns Itishighly coat+ffective fkosn the Qndpoint that it
requires littkaffor tfromth edesignerbqossd whatiaraquired
to execute the basic design. It is also ccenputationally effick@
allowing alargedesign to reverified inarelativelyamdi
amount of mputer Utne md mesnq.

Once thetimingconstrainshave been~ dsm a
simpk Iogic simulator, ase which does na have to worry abrmt

an~ timing prob~ can find the relatively probabk bglc
errors Theimprobabk bgicermrscan thenbe fbunddtlter
byahardwam simulator oraprmaype Thetimitsginbah
the promtype and the final production implementation can than
be chtied with the Timing Verifkr.
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